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THERMOGRAPHIC PROCESS OF PRODUCING AN 
' IMAGE 

This is a continuation of Ser. No. 428,805, ?led Dec. 
27, 1973 and now abandoned. - 
The present invention relates to heat-sensitive mate 

rials suited for the recording and/or reproduction of 
information and to recording processes wherein such 
materials are used. ' 

In common thermography a heat-sensitive sheet is 
brought into face to face contact with a graphic original 
that carries an image formed of infrared radiation ab 
sorbing material. When the original is exposed to infra 
red radiation, the image portions thereof are heated 
selectively and cause development in the adjacent heat 
sensitive sheet of a colour pattern corresponding to the 
original 
Transfer by heat of reactant materials to a receptor 

sheet has been described, e.g., in the United Kingdom 
patent speci?cation No. 973,965 ?led Sept. 29, 1960 
by Minnesota Mining Manufacturing and in the US. 
Pat. No. 2,770,534 of Walter S. Marx, Jr. issued Nov. 

_ 13, 1956 and US. Pat. No. 3,476,578 of Eric Maria 
Brinckman issued Nov. 4, 1969 
Heat-sensitive copy sheets that change colour when 

heated and in which the dye-forming reaction is based 
on the reaction of an acid~reacting compound with a 
dye precursor compound, have been described in the 
Dutch Patent Application 64/02,6l8 filed Mar. 12, 
1964 by Allied Chem. Corp. 
From the US. Pat. No. 3,594,208 of Joseph A. 

Wiese, Jr. and Donald J. Williams issued July 20, 1971 
it is further known to prevent premature reaction be 
tween a dye precursor and a proton-producing com 
pound by applying the dye precursor compound in a 
binder layer different from the binder layer containing 
an acid. In practice, the acid-containing coating is ap 
plied as an outermost layer from a solution in a volatile 
liquid vehicle, which is a non-solvent for the vinyl 
chloride polymer acting as binder for the dye precur 
sor, the layer comprising the dye precursor being ap 
plied as the ?rst coating to the support. 
The dye precursors used in such integral copy sheet 

having a dual coating are N-bis(p-dialk 
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ylaminoaryl)methane derivatives. Many of these deriv- Y 
atives are not completely colourless so that images 

2 
having a slightly coloured image background are ob 
tained therewith. 
An important demand for copying materials intended 

for projection purposes is the production of highly 
fade-resistant dye images, i.e. dye images, the dyes of 
which withstand continuous exposure to light as ap 
plied e.g. in an overhead projector. 

In the projection of multicolour images there is a 
special need for light resistant yellow dyes. 
There has now been found a thermographic record 

ing process in which essentially yellow azomethine dye 
salts of good fade resistance are produced by bringing 
image-wise into reactive contact with the aid of heat an 
acid-reacting compound with a dye precursor com 
pound corresponding to the following general formula: 

wherein: 
Ar represents a bivalent aromatic nucleus e.g. phen 

ylene, 
R1 represents an aryl group including a substituted 

aryl group e.g. a phenyl, naphthyl or biphenyl 
group, substituents of the aryl group being e.g. an 
alkyl group, an alkoxy group, an alkoxycarbonyl 
substituted alkoxy group, a sulphonyl substituted 
alkoxy group, an aryl sulphonuyl substituted alkoxy 
group, a phenyl carbamoyl substituted alkoxy 
group, an alkyl mercapto group, an alkylamido 
group, or halogen e.g. bromine, and 

X represents an a 

R: 
/ 

"' N 

\ 
Ra 

group 
wherein each of R2 and R3 (same or different) repre 

sents an alkyl group e.g. a C1-C5 alkyl group, a 
cycloalkyl group, an aralkyl group, or an aryl group 
including said groups in substituted form or R2 and 
R3 together represent the necessary atoms to close 
a nitrogen-containing heterocyclic nucleus e.g. a 
piperidine, pyrrolidine, or morpholine nucleus. 

Representatives of particularly suitable dye precur 
sor compounds are given in the following table. 

Table 
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The preparation of the dye precursor compound is 
illustrated by the following reaction scheme: 

and preparation receipt. 
1 mole ofthe aldehyde and 1 mole of the amine are 

dissolved whilst heating in‘ 1200 ml to 2800 ml of etha 
nol. 1 mole of acetic acid is added dropwise to the 
obtained mixture over a period of 10 min. The reaction 
mixture is then allowed to boil with re?ux for 20 to 60 
min. After cooling the precipitate is sucked off and 
washed with cold ethanol. When necessary the ob— 
tained product is recrystallized from methanol or a 
higher alcohol. 
For the preparation of compounds 24 and 26 the 

acetic acid has been replaced by 3 moles of triethyl 
amine. 
The reaction of acid with the above dye precursor 

compounds results in the production of protonated 
azomethine dyes with light-absorption maxima that are 
more bathochromic than in the non-protonated struc 
tures. 
The above colour precursors are suited for use in a 

thermographic two-sheet system using a transfer and 
receptor sheet or for use in an integral copy-sheet con 
taining on a same support the proton donor or acid 
supplying reactant out of direct chemical contact from 
the dye precursor at room temperature (20°—30° C) but 
in such a condition that reactive contact can be ef 
fected through heating at a temperature above 60° C. 
Preferably acid reactants are used that evolve a vola 

tile acid or melt at the temperature applied in the ther-" 
mographic process. In this respect the following reac 
tants are preferred: benzoic acid, succinic acid, citric 
acid, cyanoacetic acid, gallic acid, salicyclic acid, 5 
bromosalicylic acid, a sulfamic acid (i.e. an organic 
acid of the type (R’1.R'2)-—.N—SO2OH in which R’l 

OCH, 

and R’; are organic groups), maleic acid, 2,4 
dichlorom aleic acid, phthalic acid, and the anhydrides 
of these acids. Further use can be made of the half 
esters ‘of bivalent carboxylic acids. These half-esters 
may be formed in situ in the coating composition by 
dissolving the corresponding anhydrides in an alcohol, 
e.g. ethanol. Examples of such half-esters are the 
monomethyl-, monoethyl- or monoisopropyl esters of 
tetrachlorophthalic acid. 

Particularly suited are mono-esters of aromatic or 
thocarboxylic acids described in the United Kingdom 
patent Application 43,336/73 ?led Sept. 14, 1973 by 
Agfa-Gevaert N.V. corresponding to the following gen 
eral formula: " 
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wherein: 
‘ Z represents. the necessary atoms to close an aro 

matic nucleus or ring system including such nu 
cleus or ring system in substituted form, e.g. a ben 
zene nucleus and a halogen-substituted benzene 
nucleus, and 

R represents an aliphatic or cycloaliphatic group of 
at least 4 carbonatoms or an aliphatic group substi 
tuted with hydroxyl, an etheri?ed hydroxyl or». an 

I acyloxy group. I I 

Acids having a pKa value between 2 and 5 are generally 
effective. 
Examples of salts that are reacting as an acid are 

monosodium citrate, potassium aluminium sulfate, alu 
minium sulfate, potassium hydrogen tartrate, sodium 
hydrogen phosphate, ammonium 'gallate, ammonium 
benzoate and dichlorobenzidinedihydrochloride. 
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The anhydride compounds of succinic acid and of 

maleic acid and some of the ammonium salts show little 
proton activity at room temperature, but obtain in 
creased activity at elevated temperatures. Examples of 
solid prototropic compounds that are useful for the 
thermographic dye formation of the present invention 
are saccharine, barbituric acid, and uric acid. These 
compounds have the property of not being an active 
proton-donor at room temperature, so that premature 
colour formation therewith is avoided. In thermo 
graphic heating conditions above 60° C they become 
actively proton~donating. 
According to one embodiment of a two-sheet ther 

mographic recording system the dye precursor com 
pound is applied in such a condition to or into a recep 
tor sheet that an acid transferred from a contacting 
image-wise heated transfer sheet can reach this com 
pound and react therewith to form the desired dye. The 
dye precursorv compound is preferably applied to a 
support in a binder coating, to which the acid, when 
heated, can be transferred from the transfer sheet. 

Suitable binders for that purpose are vinyl chloride 
homopolymer and copolymers e.g. vinyl chloride co 

‘ polymer including from 75 to 95% of vinyl chloride. 
Copolymers of vinyl chloride monomer and of vinyl 
acetate monomer are preferred copolymers. 
Other copolymers of vinyl chloride e.g. with acryloni 

trile are useful likewise. Polymers and copolymers, 
which as a result of their molecular weight or composi 
tion become sticky on heating, have to be avoided since 
they prevent the easy separation of the transfer sheet 
from the receptor sheet. 
The composition of the receptor sheet coating will 

usually consist exclusively of non-acidic vinyl chloride 
polymer orvcopolymer and the dye precursor com— 
pound, though this is not absolutely necessary. Indeed, 
the receptor coating or an adjacent coating may con 
tain pigments that give an overall colour to the receptor 
sheet e.g. for obtaining more image contrast. 
For example, white pigments or coloured pigments 

contrasting in colour with the dye image produced may 
be incorporated too in the receptor sheet. Suitable 
pigments for that purpose are e.g. titanium dioxide 
particles. The receptor coating may contain different 
kinds of ?llers or grainy material such as silica particles 
that e.g. improve the capability of being written on with 
pencil. 
Further it may contain gloss-improving substances 

and anti-sticking agents, e.g. metal soaps, aluminum 
stearate being an example thereof. ‘ 

In the two sheet system good results have been ob 
tained with anamount of dye precursorv compound in a 
ratio of 1 part by weight with respect to l to 20 parts by 
weight of binder. 
The support of the receptor sheet is preferably ?exi 

ble. Any kind of paperor resin support may be used. 
However, if the adherence of the receptor coating is 
too low, a suitable subbing layer or layers maybe ap 
plied to the support. The support has to be transparent 
for visible light, when the copies obtained. with the 
recording material have to be used for projection e.g. in 
an overhead projector. . 

In the mono-sheet system different techniques of 
keeping the acid reactant and. the dye precursor com 
pound out of reactive chemical contact below 60° C. 
may be applied. For example, the reactants are kept 
out of direct chemical contact by enveloping at least 
one of the reactants in a capsule or droplet that con 
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10 
tains a shell or envelope of a material, normally a poly 
meric material or wax that prevents the direct contact 
with the other reactant. The capsule shell or droplet 
envelope is ruptured or softened by heating, as a result 
of which the reactants come into reactive contact. 
The capsules or droplets containing a first reactant 

may be dispersed in the paper mass of ‘a paper sheet or 
in a binder or binder system containing the second 
reactant in dispersed or dissolved form. 
The inner part of the capsule may be of organic non 

water-miscible nature and the vshell or envelope may 
contain or consist of a hydrophilic material e.g. hydro 
philic polymer or colloid that is hardened optionally. 
Capsules of this type have been described e.g. in the 
United Kingdom patent speci?cation Nos. 1,281,492 
?led Apr. 19, 1971 by Nat. Cash Register, 1,276,598 
?led Aug. 3, 1970 by Fuji Photo Film and 1,034,437 
?led Feb. 20, 1963 by Gevaert Photo-Producten N .V. 
According to another embodiment the contents of 

the capsule are hydrophilic. For example the capsule 
contains water and a ?rst reactant dissolved or dis 
persed therein. The capsule shell has a hydrophobic 
nature. The preparation of the latter type of capsules 
has been described in the United Kingdon Pat. Nos. 
1,048,696, 1,048,697 both ?led July 10, 1963 by Geva 
ert Photo-Producten N.V. and 1,298,194 ?led Nov. 20, 
1968 by Gevaert-Agfa N.V. and in the Belgian Pat. No. 
792,550 ?led Dec. 11, 1972 by Agfa-Gevaert N.V. 
Preferred integral copy sheets applied in the mono 

sheet system contain the dye precursor compound and 
acid reactant out of chemical reactive contact at least 
below 60° C in apart binder layers, the top layer having 
been applied from a solution in a volatile liquid, which 
is a non-solvent for the binder of the subjacent other 
layer. Premature reaction is avoided effectively when 
in a ?rst layer on the support of the recording material 
a vinyl chloride homopolymer or copolymer binder 
containing the dye precursor compound and being 
insoluble or poorly soluble in ethanol or methanol is 
coated and the acid reactant and a polymer that is 
highly soluble in ethanol e.g. cellulose nitrate or polyvi 
nylacetate are incorporated in a layer bonded to the 
?rst layer. Cellulose nitrate containinga small amount 
e.g. 2% by weight of the copolymer of methyl metha 
crylate and methacrylic acid is a preferred binder com 
position for the layer containing the acid reactant. The 
methacrylic acid content of the copolymer is preferably 
from 10 to 60% by weight. _ 

Crystallization of the acid reactants in said ethanol 
soluble binders may be avoided by incorporation 
therein of a suitable amount of plasticizer e.g. as de 
scribed in the US. Pat. No. 3,594,208 as mentioned 
above. 

If coated on a removable carrier, the veryvinyl poly 
mer ?lm containing the dye precursor compound may 
serve as the backing but preferably it is permanently 
supported on a separate heat-resistant ?lm e.g. a poly 
ester resin ?lm, preferably a polyethylene terephthalate 
?lm. The ratio of vinyl polymer to dye precursor com 
pound in the single sheet system material may be in the 
range of about 20 to 3 parts by weight of polymer to 1 
part by weight of dye precursor compound. 
A preferred acid reactant is phthalic anhydride. 
If plasticizers are used in the layer containing the acid 

reactant preference is given to those that do not 
opacify the recording material, in other words those 
that are compatible with the binder e.g. cellulose ni 
trate. The plasticizer should therefore be soluble in the 
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same solvent as the binder. It should be essentially 
non-volatile in normal storage conditions. Suitable 
plasticizers for cellulose nitrate arev “Butvar B-76” a 
polyvinyl butyral, polyalkylene glycol, and camphor. 
The following examples illustrate the present inven 

tion without, however, limiting it thereto. The percent 
ages and ratios are by weight, unless otherwise indi 
cated. 

EXAMPLE 1 

A polyethylene terephthalate support of a thickness 
of 0.10 mm was coated at a ratio of 33 ml per sq.m with 
the following composition: 

7 % solution in methyl ethyl ketone 
of copolymer of vinyl chloride and 
vinyl acetate (85/ IS) 700 ml 

2 % solution in methyl ethyl ketone 
of the dye precursor compound 1 of the 
Table 300 ml 

After drying a second layer was applied at a ratio of 
70 ml per sq.m from the following composition: 

5 % solution in ethanol of polyvinyl 
acetate 500 ml 

10 % solution in ethanol of phthalic anhydride 
(actuallly the ethyl half ester of ortho- 50 ml 
phthalic acid is formed in situ) 
ethanol 450 ml 

After drying of the second layer at 50° C the resulting 
transparent recording material was exposed re?ecto 
graphically to infrared radiation, the second layer being 
held in direct contact with the infrared absorbing image 
markings of a printed text paper original. ln accor 
dance with the infrared absorbing image markings a 
yellow dye has been formed in the recording material. 
The resulting copy was particularly suited for projec 

tion with an overhead projector. 

EXAMPLE 2 

A polyethylene terephthalate support having a thick 
ness of 0.10 mm was coated at a ratio of 30 ml per sq.m 
from the following composition: 

5 ‘X1 solution in methyl ethyl ketone 
of copolymer of vinyl chloride and 
vinyl acetate (85/ 15) 400 ml 

2.5 % solution in methyl ethyl ketone 
of dye precursor compound Nr. 7 100 ml 

After drying at 70° C a second coating was applied at 
a ratio of 20 ml per sq.m from the following composi 
tion: 

5 % solution in methanol of cellulose 
nitrate 400 ml 

10 % solution in methanol of polyvinyl 
butyral 20 ml 

12 ml 10 % solution in ethanol of salicylic acid 
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12 
-continued 

methanol l 18 ml 

The recording material was dried and exposed re?ec 
tographically as described in Example 1. 
A yellow image corresponding to the image markings 

of the original was formed. 
The image was particularly suited for use in the pro 

jection with overhead projector. 
We claim: 
1. In a thermographic recording process in which a 

dye is produced by bringing image~wise into reactive 
contact with the aid of heat an organic acid-reacting 
compound with a dye precursor compound, the im 
provement of producing a light stable yellow image by 
bringing said compound into contact with a dye precur~ 
sor corresponding to the following general formula: 

wherein: 
Ar represents a phenylene nucleus, 
R1 represents a phenyl group and 
X represents a 

R: 

group wherein each of R2 and R3 (same or differ 
ent) represents an alkyl group, a cyanoalkyl group, 
a chloroalkyl group, and an alkoxy carbonylaklyl 
group. ‘ 

2. A thermographic recording process according to 
claim 1, wherein the dye precursor compound and 
acid-reacting compound are applied on separate sup 
port sheets and one of them is transferred by heat from 
its support into reactive contact with the compound on 
the other support sheet. ' 

3. A thermographic recording process according to 
claim 2, wherein the dye precursor compound and 
acid-reacting compound are applied on separate sup 
port sheets and the acid-reacting compound being vola 
tile or meltable at the temperature reached in the im 
age-wise heating is transferred from a transfer sheet to 
a receptor sheet which contains the dye precursor com 
pound to form therewith a dye. 

4. A thermographic recording process according to 
claim 3, wherein the dye precursor compound is ap 
plied in a coating containing a non-acidic vinyl chloride 
polymer or copolymer. 

5. A thermographic recording process according to 
claim 3, wherein the dye precursor compound is con 
tained in a binder coating in a ratio of 1 part by weight 
with respect to 1 or 20 parts by weight of binder. 

6. A thermographic recording process according to 
claim 1, wherein the dye precursor compound and 
acid-reacting compound are used in an integral copy 
sheet containing on a same support the acid-reacting 
compound out of direct chemical contact from the dye 
precursor compound but in such condition that reac 
tive contact can be effected through heating at a tem 
perature above 60° C. 

7. A thermographic recording process according to 
claim 6, wherein at least one of the reactants being the 
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acid-reacting compound and dye precursor compound 
are kept out of direct chemical contact by enveloping 
at least one of the reactants in capsules or droplets 
from which the reactant is set free by image-wise heat 
ing the copy-sheet. 

8. A thermographic recording process according to 
claim 7, wherein the capsules or droplets are dispersed 
in the paper mass of a paper sheet or in a binder or 
binder system containing the second reactant in dis 
persed or dissolved form. t 

9. A thermographic recording process according to 
claim 6, wherein the dye precursor compound and acid 
reactant are in separate binder layers and preventing 
chemical reactive contact at least below 60° C. 

10. A thermographic recording process according to 
claim 9, wherein the top layer of thevbinder layers has 
been applied from a solution in a volatile liquid, which 
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14 
is a non-solvent for the binder of the subjacent other 
layer. 

11. A thermographic recording process according to 
claim 10, wherein the dye precursor compound has 
been incorporated in a ?rst layer on the support of the 
copy-sheet in a vinyl chloride homopolymer or copoly 
mer binder and the acid-reacting compound has been 
applied on top of said ?rst layer from a solution of a 
polymer in ethanol or methanol. 

12. A thermographic recording process according to 
claim 11, wherein the integral copy sheet is a clear 
transparent heat-sensitive sheet material useful in the 
preparation of a colour projection transparency by 
therrnographic copying procedures and includes a first 
layer containing the dye precursor compound in a vinyl 
chloride polymer binder and a second coating bonded 
to said first layer containing the compound reacting as 
an acid in a binder mainly containing cellulose nitrate. 

* * * * * 


